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<> Aim: to study the thickness of cornea, iris and scleral tissue, to determine its asymmetry between fel-
low eyes in healthy subjects and in patients with primary glaucoma. To determine the relationship between
changes in biomechanical properties of the cornea and sclera and iris thickness in healthy subjects and in
patients with primary glaucoma. Materials and methods. 10 patients (20 eyes) with primary glaucoma
were examined. The control group consisted of 10 people (20 eyes). In all patients ultrasound biomicroscopy
(Humphrey Instruments (USA), Model 840) was performed. Results and discussion. The article presents
a study of the corneoscleral and iris tissue thickness in primary glaucoma, as well as the increase pattern of
the revealed asymmetry in corneoscleral and iris tissue thickness from normal state to glaucoma. A positive
direct correlation between the indices of cornea, sclera, and iris thickness in the primary glaucoma group
and between biometric parameters of sclera and iris and the of corneal hysteresis value in primary open-
angle glaucoma.

<> Keywords: primary glaucoma; ultrasound biomicroscopy; scleral thickness; corneal thickness; iris
thickness.

WH®OPMATUBHOCTb BUOMETPUYECKMX NOKASATENEW PARLY)KKHW, CKIEPDI
W POrOBULbI B AWATHOCTUKE NEPBUYHOW OTKPLITOYTOJbHOM IJIAYKOMbI
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<> Ileaw uccaedosanus. VIzydanTh TOJIIHHY POTOBHYHOM, CKJIEPATbHON H pafyKHOH TKaHH, OMPEIETUTD eé
MEXOKYJISIPHYI0 aCUMMETPHIO B HOPMEe W MPH MepBUUHON raykoMe. Ornpele/iuTh B3aHMOCBSI3b H3MEHEHH
6HOMEXaHHUECKHUX CBOMCTB POTOBHUILBI U TOJILHHBI CKJIEPHI U PaJly>kKKW B HOPME U TIPH MEPBUUHOH IJIayKOME.
Mamepuanot u memodot. O6cnenopano 10 nanuentor (20 ryas) ¢ nepBUUHON ryiaykoMoid. KoHTpoJibHYIO
rpynny coctaBuau 10 yesosek (20 rmas). Boinogusnach y/abTpa3BykoBasi GHOMHKPOCKONHS Ha amnmnapare
¢upmbl Humphrey Instruments (USA), monens 840. Pesyasmamot u ob6cysxcdenue. [pejncraBieHo ucce-
JIOBAHHE TOJILHHBI TKAHH KOPHEOCKJEPAJbHON W PaayKHOH 000J04eK MPH MEPBUUHON TJIayKoMe, a TaKiKe
BbIsIBJIEHA 3aKOHOMEPHOCThL HapacTaHUS MEXKOKYJISIPHOH aCHMMETPHH TOJIIIHHBI 3THX TKaHEH OT COCTOSIHUS
HOPMbI K MAaTOJIOTHH, NpH TaykKome. OGHapy»KeHa TMOJI0KUTEbHAS TPsiMasi KOPPEJIAIIMOHHAS CBSA3b MEX-
Jly TIOKa3aTeJIsiMUA TOJILHHBI POTOBUILIbI, CKJIEPbl U PaJly?KHOH 060JI0UKH B I'pyTiNe ¢ MepBUUHON IayKOMOH
1 MeXJly GMOMETPUUYECKHUMHU [TOKA3ATEJISIMU CKJIEPbI M PAJy>KKH C BEJIMUHHON KOPHEaJIbHOTO THCTepe3nca Mpu
MEPBUUHON OTKPBITOYTOJIbHOM IJ1ayKOMe.

<> Karuesoie caosa: nepBrYHas raaykoMa; yJbTpa3ByKoBasi 6I/IOMI/IKpOCKOHI/I${; TOJILIMHA CKJIEPBI; TOJI-
HIMHA POrOBULbI; TOJLUIMHA PAlyKKH.
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INTRODUCTION

Despite significant advances in diagnosis and
treatment, glaucoma remains one of the most se-
vere ocular diseases, often leading to visual im-
pairments and disabilities and blindness [5]. Cur-
rent high-tech methodologies, such as ultrasonic
biomicroscopy (UBM) and the ocular response
analyzer (ORA), provide additional diagnostic op-
tions for ocular disorders. ORA allows for the as-
sessment of biomechanical characteristics of the
cornea, including estimation of viscoelastic prop-
erties of the cornea by measuring corneal hyste-
resis (CH).

UBM is now firmly established in clinical prac-
tice as a basic and informative diagnostic method
for various disorders of the anterior segment of
the eye. The assessment of the anterior chamber
angle [3, 10, 14] and the anterior and posterior eye
chambers using UBM allowed for the development
of different approaches for the diagnosis and treat-
ment of various glaucomas [10]. Increasing clinician
interest in these diagnostic methods requires the
understanding of general concepts about the ocular
structures that can be visualized, normal limits,
and indicators of pathology. In addition to the abil-
ity to visualize the anterior chamber angle, particu-
lar attention should be paid to the utility of UBM
for measuring the corneoscleral and iris thickness.
Only few studies have evaluated the corneoscleral
and iris thickness in patients with primary open-
angle glaucoma (POAG) using UBM. In POAG,
the interocular asymmetry of various parameters
is an important diagnostic criterion [9, 11]; there-
fore, it is crucial to measure UBM parameters in
both eyes to evaluate the pathogenic role of corneo-
scleral changes in POAG for glaucoma diagnosis
and prognosis.

Well-known morphological and clinical signs
[1, 2, 4, 6—8] associated with the loss of scleral
elasticity are a clear indication for the involvement
of the sclera in the pathology of primary glaucoma.
Moreover, the common origin and similar morpho-
logy of the cornea, iris, and sclera suggest that
the assessment of corneal biomechanical properties
can provide additional information on both scleral
elasticity and iris changes in the pathogenesis of
glaucoma.

Here, we aimed to evaluate the corneoscleral and
iris thickness, assess the interocular asymmetry and
range of values in UBM parameters, and estimate the
correlation between corneal biomechanical properties
and cornea and iris thickness in healthy individuals
and patients with POAG.

MATERIALS AND METHODS

The study included 20 patients (40 eyes) who
were divided into two groups: the experimental
group of 10 patients (20 eyes) with POAG (as di-
agnosed by standard methods) and a control group of
10 individuals (20 eyes) without ocular disorders and
normal intraocular pressure (IOP). Patients who un-
derwent ocular surgery or had eye trauma, uveitis,
pseudoexfoliation syndrome, or clinically diagnosed
immature cataract were excluded because these con-
ditions can change the anatomical and topographic
characteristics of the eye. The mean age of patients
with POAG was 71 (range: 70—72) years, whereas
that of controls was 73 (range: 70—77) years; the
difference between the groups was non-significant
(p > 0.05). POAG was diagnosed using standard
methods.

UBM was performed using a Humphrey UBM
840 system (Humphrey Instruments, Inc., USA)
with a frequency of 50 MHz to evaluate the ante-
rior segment of the eye. Eyes were assessed along
the 3-, 6-, 9-, and 12-o’clock meridians with a
sensor aligned perpendicular to the structures ex-
amined (cornea, anterior chamber angle, iris, iris
root, corneoscleral spur, and sclera). All measure-
ments were performed using the methods of Pav-
lin et al. [12, 13]. The following parameters were
evaluated: corneal thickness 4,000 pm from the
calcarine sulcus, scleral thickness at the calcarine
sulcus measured perpendicular to the scleral sur-
face, iris thickness at the iris root and 500, 1,000,
and 1,500 pm from the root. The interocular asym-
metry of all examined structures was also assessed.
In healthy individuals, interocular asymmetry was
calculated by subtracting the measurements of one
eye from those of the other eye. In patients with
POAQG, the interocular asymmetry was calculated by
subtracting the values for the worse eye from those
of the better eye. The biomechanical properties of
the cornea were estimated by measuring CH using
ORA (Reichert, USA).

Descriptive statistical methods were used to
analyze the results. Medians (Me), first and third
quartiles (Q1 and Q3), and interquartile ranges were
calculated.

RESULTS AND DISCUSSION

Measurements of corneal, scleral, and iris
thickness in healthy individuals and patients
with POAG using UBM

UBM indicated a significantly reduced corneal
thickness in patients with POAG compared with
controls: 0.57 mm (QI—Q3: 0.54—0.60 mm; range:
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0.51—0.66 mm) vs 0.62 mm (Q1—Q3: 0.60—0.63 mm;
range: 0.58—0.67 mm) (p < 0.01) (Table I).

A significantly reduced scleral thickness was
also observed in patients with glaucoma compared
with healthy individuals (p < 0.001). The median
scleral thickness in controls was 1.32 mm (Q1—Q3:
1.29—1.35 mm; range: 1.26—1.48 mm), whereas
that in patients with POAG was 1.14 mm (Q1—Q3:
1.02—1.26 mm; range: 0.80—1.48 mm). The reduc-
tion in the corneal and scleral thickness suggests
the involvement of the corneoscleral membrane in
the pathogenesis of POAG. Scleral changes in pa-
tients with POAG have been confirmed in earlier
studies using other methodologies, including Frie-
denwald’s differential tonometry and the dynamic
rehydration method [8]. Assuming that other struc-
tures in the anterior segment of the eye, particularly
the iris, may also be involved in the pathogenesis
of POAG, the assessment of iris thickness is im-
portant for patients with POAG. Using UBM, an
increase in iris thickness from the root to the pupil
margin was observed in both the groups, which is
associated with structural and functional charac-
teristics of the iris; however, patients with POAG
had a decrease in the iris thickness compared with
the healthy individuals (Table 1). The median iris
thickness at the iris root was 0.39 mm (Ql1—Q3:
0.38—0.40 mm; range: 0.31—0.44 mm) in healthy
controls vs 0.34 mm (QI—Q3: 0.30—0.37 mm;

range: 0.20—0.41 mm) in patients with POAG
(p < 0.001). The median iris thickness at 500 pm
from the iris root was significantly lower in patients
with POAG than in controls: 0.38 mm (QI—Q3:
0.33—0.42 mm; range: 0.24—0.49 mm) vs 0.44 mm
(Q1—Q3: 0.42—0.46 mm; range: 0.37—0.56 mm)
(p < 0.001). Similar trends were observed for iris
thickness measured at other points. In glaucoma
patients, the median iris thickness at 1,000 pm from
the iris root was 0.40 mm (Q1—Q3: 0.38—0.44 mm;
range: 0.41—0.51 mm); whereas, in controls, it
was 0.48 mm (Q1—Q3: 0.46—0.49 mm; range:
0.41—0.59 mm) (p < 0.001). The median iris thick-
ness at 1,500 pm from the iris root was 0.43 mm
(Q1—Q3: 0.39—0.46 mm; range: 0.31—0.51 mm)
in patients with POAG and 0.50 mm (Q1—-Q3:
0.48—0.52 mm; range: 0.44—0.62 mm) in healthy
individuals (p < 0.001). Our findings suggest a sig-
nificant impact of glaucoma on the iris, particularly
its thickness. The negative effects of glaucoma on
the biomechanical properties of the iris can result in
the loss of iris elasticity due to tissue degeneration.

The wide ranges of corneal, scleral, and iris thick-
ness in both groups prevents the drawing of unam-
biguous conclusions about the clinical significance of
these parameters for each individual patient; never-
theless, this problem can be addressed by calculat-
ing the interocular asymmetry of these parameters
in each patient.

Table 1
Biometric parameters of the sclera and iris in healthy individuals and patients with primary open-angle glaucoma, Me (Q1-Q3)
Tabauya 1
buomerpuueckne napamerpbl CKJepbl M PalyXXKH B HOpMe W NPH NEPBUUHON OTKPLITOYroJbHoii rnaykome, Me (Qg5 0, — Qz59;)
Biometric Healthy Patients with primary
parameter individuals open-angle glaucoma
. . 0.66 0.57
Corneal thickness 4,000 pm from the calcarine sulcus, mm (0.60—0.63) (0.54—0.60)'
. 1.32 1.14
Scleral thickness, mm (1.29—1.350) (1.02-1.26)?
. . 0.39 0.34
Iris thickness at the iris root, mm (0.38—0.40) (0.30—0.37)2
. . 0.44 0.38
Iris thickness at 500 pm from the iris root, mm (0.42-0.46) (0.33—0.42)°
s . 0.48 0.40
Iris thickness at 1,000 pm from the iris root, mm (0.46—0.49) (0.38-0.4) 2
o . 0.50 0.43
Iris thickness at 1,500 pm from the iris root, mm (0.48—0.52) (0.39—0.46)?

Note: 'p < 0.01 for comparison of corneal, scleral, and iris thickness at various points between healthy individuals and patients
with primary open-angle glaucoma; 2p < 0.001 for comparison of corneal, scleral, and iris thickness at various points between
healthy individuals and patients with primary open-angle glaucoma; Me = median; Q1—Q3 = first and third quartiles
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Interocular asymmetry in the corneal, scleral,
and iris thickness in healthy individuals and
patients with POAG

Patients with POAG had significantly high-
er interocular asymmetry in the corneal thick-
ness than the healthy individuals: 0.05 mm
(QI—Q3: 0.03—0.06 mm) vs 0.02 mm (Q1—Q3:
0.01-0.03 mm) (p < 0.001). The interocular asym-
metry in the scleral thickness was 0.19 mm (Q1—Q3:
0.05—0.22 mm) in patients with glaucoma and 0.02
(Q1—=Q3: 0.01-0.02 mm) in controls (p < 0.001).
It appears that minor interocular asymmetry in
corneal and scleral thickness is normal (Table 2).
Patients with POAG have pronounced interocular
asymmetry, which is probably associated with an
asymmetric pathological process, when the corneal/
scleral thickness is lesser in the worse eye and higher
in the better eye.

In the healthy controls, the degree of interocular
asymmetry in the iris thickness did not exceed 0.02
mm, whereas patients with POAG demonstrated a
threefold increase in the interocular asymmetry in the
iris thickness (=0.06 mm). The values for interocular
asymmetry did not vary significantly depending on
the site of measurement, suggesting similar patho-
logical changes in all areas of the iris.

Results of this study suggest that minor interocu-
lar asymmetry of the corneal, scleral, and iris thick-
ness is a normal physiological phenomenon; however,

more pronounced interocular asymmetry (>0.04 mm
in corneal thickness, >0.1 mm in scleral thickness,
and >0.05 mm in iris thickness) is beyond the normal
range. Interocular asymmetry in the corneal, scleral,
and iris thickness is significantly higher in patients
with POAG than in normal individuals that can be
attributed to the destruction of these tissues in the
pathogenesis of glaucoma.

Correlation between biometric parameters
and corneal biomechanical properties

Spearman correlation analysis demonstrated
a positive correlation between the corneal and
scleral thickness and scleral and iris thickness
(at all four measurement points) in patients with
POAG (Table 3). The strongest correlation was
found between the corneal and scleral thickness
(R =0.55; p < 0.01), which is to be expected since
the cornea and sclera can be considered as parts
of the corneoscleral membrane. A moderate posi-
tive correlation was observed between the scleral
and iris thickness at various measurement points
(Table 3). These findings suggest that the cornea,
sclera, and iris can be considered as an integrated
global connective structure with equal vulnerabil-
ity to glaucoma.

Spearman correlation coefficients for the biometric
parameters of the cornea, sclera, iris, and CH are shown
in Table 4. No correlation was found between CH and

Table 2

Interocular asymmetry in biometric parameters of the cornea, sclera, and iris in healthy individuals and patients with primary

open-angle glaucoma eyes, Me (Q1—Q3)

Tabauya 2

MexxoKynsipHasi acHMMeTpUsi OMOMETPUYECKUX NapaMeTPOB POrOBULbI, CKJIePbl U Paly:KKH MapHbIX I1a3 B HOpPMe U MpHU nep-

BUUHOI1 OTKPbITOYro/bHOM raaykome, Me (Qg5 0, — Q750;)

Asymmetry in biometric Healthy Patients with primary

parameter individuals open-angle glaucoma
Asymmetry in the corneal thickness, mm (0.0?98.03) (0.0%9501.06)
Asymmetry in the scleral thickness, mm (0.0?9(2).02) (0.0%1%1.22)
Asymmetry in the iris thickness at the iris root, mm (0.0(1)9(2).02) (0‘091‘9%1.08)
Asymmetry in the iris thickness at 500 pm from the iris root, mm (0'089302) (0.002'9701'10)
Asymmetry in the iris thickness at 1,000 pm from the iris root, mm (0.0?93.02) (0.0%9%].08)
Asymmetry in the iris thickness at 1,500 pm from the iris root, mm (0.0?9(2).03) (0.0%9((3)1.08)

Q1—Q3 = first and third quartiles

Note: 'p < 0,001 for comparison of healthy individuals and patients with primary open-angle glaucoma ; Me = median;
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corneal thickness in patients with glaucoma; however,
there was a moderate positive correlation between CH
and scleral thickness (R = 0.48, p < 0.05). A slightly
weaker correlation (R = 0.36) was observed between
CH and iris thickness at the iris root and at 500 pm
from the iris root (p = 0.057 and 0.052, respectively).
The strongest correlation was seen between CH and
iris thickness at 1,000 pm and 1,500 pym from the
iris root (R = 0.44, p < 0.05 and R = 0.48, p < 0.01,
respectively).

The direct correlation between parameters reflect-
ing the status of the connective structures in the an-
terior segment of the eye (cornea, sclera, and iris)
confirms the simultaneous loss of their properties in
glaucoma.

CONCLUSION

In this study, patients with POAG demon-
strated reduced corneal, scleral, and iris thick-
ness compared with normal controls. A positive
correlation was found between the thickness of
the cornea, sclera, and iris in patients with glau-
coma. There was also a positive correlation found
between the biometric parameters of the sclera
and iris and the degree of CH in POAG. Minor
interocular asymmetry in corneal (< 0.04 mm),
scleral (< 0.1 mm), and iris (< 0.05) thickness is a
normal physiological phenomenon, whereas more
pronounced interocular asymmetry is beyond the

normal range and is useful as a diagnostic crite-
rion for POAG.

Table 3

Spearman rank correlation analysis of the corneal, scleral, and iris thickness in patients with primary open-angle glaucoma

Tabauya 3

Koppeasiunonnblii anaiu3 no CnupMeHy OMOMETpUUYECKUX NOKa3aTeseil TOJIUHbI POrOBUILbl, CKJIEPbl U PalyKHOU 060J104YKH
B rpynne ¢ NepBUYHON OTKPBLITOYTOJNbHOM IN1IAYKOMOIi MO JaHHBIM YJbTPa3BYKOBOW OMOMHKPOCKOMUU

Biometric parameter R P
Corneal and scleral thickness 0.55 < 0.01
Scleral and iris thickness at the iris root 0.27 < 0.01
Scleral and iris thickness at 500 pm from the iris root 0.26 0.057
Scleral and iris thickness at 1,000 pm from the iris root 0.23 0.052
Scleral and iris thickness at 1,500 pm from the iris root 0.33 < 0.01

Table 4

Spearman rank correlation analysis of the biometric parameters of the sclera and iris and corneal hysteresis in patients with

primary open-angle glaucoma

Tabauya 4

Koppeasiunonnblii ananu3 no CnupmeHy 6MoMeTpUUeCKUX MOKa3aTeJsell CKaepbl U palyKKH, BeJIHYMHbI KOPHEAJbHOTO rUcTepe-
3uca Mpu NepBUYHON OTKPBITOYrOJbHOMN IJ1ayKOMe MO JaHHbIM YJIbTPa3ByKOBOH GMOMUKPOCKONMM U aHAJIU3 OHOMeXaHUYeCKHX

CBOWCTB pPOroBuiibl

Biometric R p
parameter
Corneal hysteresis and scleral thickness 0.48 <0.05
Corneal hysteresis and iris thickness at the iris root 0.36 0.057
.C‘omeal hysteresis and iris thickness at 500 pm from the 036 0.052
iris root
Cgrneal hysteresis and iris thickness at 1,000 um from the 0.44 <0.05
iris root
.C.omeal hysteresis and iris thickness at 1,500 pm from the 048 <001
iris root
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